Relating Cause and Effect
I n the past century in the United States, substantial changes have occurred in the work force, including type of work being performed with a major shift to service work from manufacturing, pace of work expected and performed, work related hazardous exposures, and regulatory mandates influencing work and related hazards. Jn addition, knowledge has substantially increased in nursing and medicine; the occupational health sciences (e.g., toxicology, safety); public health and epidemiology; and the behavioral, social, and organizational sciences to help better understand, prevent, and control illnesses and injuries caused or aggravated by work.
It is generally easier to show a cause and effect between an injury and a workplace hazard or agent, such as machinery causing lacerations. However, establishing a relationship or causality between disease and workplace agents or conditions in the work environment is often a difficult task. Occupational disease may be slow to develop and symptoms may be confused with the aging process or with effects from lifestyle habits or behaviors such as smoking. Additionally, information on work- In general, an illness is occupationally related if: • The health status findings of disease are compatible with the effects of a disease producing agent or agents to which the worker has been exposed. • There exists in the worker's occupational environment (past or present) ~xposure to an agent or agents sufficient to have caused the disease. • The we!ght of. evidence supports that the disease 1s of occupational rather than nonoccupational origin.
ABOUT THE SECTION EDITOR
To make this determination the National Institute for Occup~ti on Safety and Health (NIOSH) in its classic document "A Guide to the Work- 
EVIDENCE OF DISEASE
In determining the probability of a cause and effect relationship between an illness and an agent at the workplace, one must establish that a disease or illness condition does in fact exist and that the particular manifestations of the disease seem to be the result of a specific harmful agent exposure. A health sta-tus evaluation should target these points and should include: • An analysis of the employee's medical, personal, family, and occupational histories. • A thorough physical examination and clinical evaluation. • A laboratory evaluation which includes targeted specific tests.
EPIDEMIOLOGY
Epidemiology is the branch of medical science dealing with the incidence, prevalence, distribution, and control of the diseases that occur among human populations. It is the study of the distribution and determinants of disease frequency in humans. Studies of illness in groups of workers have made it possible to relate some diseases to various substances with which the worker has been in contact. Epidemiologic studies show possible associations, but do not prove cause and effect relationships.
Epidemiologic studies have often revealed the carcinogenic action of certain substances and chemicals. For example, scrotal cancer was noted in English chimney sweeps 200 years ago and skin cancer was noted in chromium workers at the tum of the last century. Other studies have shown the carcinogenic properties of arsenic, vinyl chloride, ionizing radiation, and other agents (NIOSH, 1979) . Epidemiologic data, documenting that groups of workers and other human populations exposed to a suspected agent have sustained certain types of illnesses, may be extremely helpful in establishing that the substance in question may cause an illness of a certain type. Whatever epidemiology data are available should be included in the evidence presented.
EVIDENCE OF EXPOSURE
In addition to health status and epidemiologic data, occupational data relevant to exposure should be available for each job or duty. This would include: • Identification of the substances handled or used directly in operations in the area or nearby areas. • Information from industrial hygiene studies, especially air sampling data, indicating the magnitude of worker exposure for the job or similar jobs. • Modes of entry of the agent into the body (e.g., inhalation, ingestion, skin absorption).
• Available ventilation capacities. • General housekeeping. • Forms of personal protection (e.g., respirators, gloves, clothing).
When evaluating worker agent exposure, a variety of measurements should be taken at the worker's actual job station. For example, a few (two or three) samples covering only a small portion of a working day are not sufficient to establish degree of exposure. Generally, samples or measurements should be obtained covering most of a complete working day. Covering several nonconsecu'! tive work days is even better.
. The best location for sample taking is in the breathing zone (within a few inches of nose and mouth) of the employee or worker doing an identical job, under conditions identical to those under which the employee worked. Samples obtained at a stationary point in the work environment (area samples) can give an indication of possible exposure, but also can be misleading. For example, measuring noise levels a few inches from a noisy machine when the worker is stationed several feet away may produce erroneously high readings. Or obtaining air samples for a OCTOBER 2003, VOL. 51, NO. 10 Research & Ethics Corner solvent exposure at the center of the work area when the worker must work inside a solvent tank would give falsely low exposure readings.
Furthermore, preexisting conditions can be aggravated by agent exposures. Aggravation of a preexisting disease or physical impairment may be defined as any occupational occurrence, act, or exposure that will intensify or increase the severity of any physical or mental problem known to exist before the occupational exposure. An example of aggravation would be the effects on an employee with known allergies exposed to allergens in the workplace resulting in frequent asthmatic attacks. Another example is coronary artery disease which could be worsened by exposure to carbon monoxide, cyanide, and certain insecticides that can have damaging effects on individuals with already impaired cardiac function.
It is important to remember that a specific disease or illness can be caused or aggravated by more than one agent. As chronic diseases progress, they may exhibit irregular periods of worsening and improvement. This factor confounds the role of an aggravating agent, and it is therefore necessary to medically monitor these employees over sever-al of the cycles of improvement and worsening. Furthermore, the time of life when symptoms of chronic disease develop often contributes to the complexity of the problem, because both the degenerative processes of aging and the appearance of chronic diseases are associated with the middle and later years. Revealing the offending exposure situations will require intense investigation and linking together pieces of the puzzle to create a fit.
EVALUATION AND CONCLUSION
In evaluating the evidence and information presented related to cause and effect relationships, several criteria should be considered: • Has a disease condition been clearly established? • Has it been shown that the disease can result from the suspected agent(s)?
• Has exposure to the agent been demonstrated by work history, sampling data, and expert opinion? • Has exposure to the agent been shown to be of sufficient degree and duration (e.g., by scientific literature, epidemiologic studies, special sampling, replication of work conditions) to result in the disease condition? • Has nonoccupational exposure to the agent been ruled out as a causative factor? • Have all special circumstances been considered (e.g., any unusual events at work that reduced the effectiveness of protective equipment)?
With complete information and data as outlined, answers to the above criteria can be obtained to make accurate determinations of exposure-disease relations. The ultimate goal is to eliminate the exposure circumstances to prevent illness and injury occurrence.
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